




THEORETICAL  APPROACHES  ALLOWING  TO  DESCRIBE  THE  THERMAL 
BEHAVIOUR  OF  A  GOLD  NANOPARTICLE  ASSEMBLY  UNDER  PULSED 
OPTICAL EXCITATION ;= "EYOND THE MODI½CATION OF THE LINEAR 
AND NONLINEAR OPTICAL RESPONSE OF NANOCOMPOSITE MATERIALS 
BY  THERMAL  EFFECTS  REPRESENTS  ALSO  AN  INTERESTING  ISSUE  TO 
ADDRESS )NDEED DUE TO THE LOCAL ELECTRIC ½ELD ENHANCEMENT 
ASSOCIATED  WITH  THE  SURFACE  PLASMON  RESONANCE  GOLD 
NANOPARTICLE  ASSEMBLIES  HAVE  BEEN  EXTENSIVELY  STUDIED  FOR 
THEIR OPTICAL +ERR EFFECT ;= )N THESE STUDIES THE IN¾UENCE OF 
THERMAL PHENOMENA HAS OFTEN BEEN INVOKED (OWEVER SUCH 
ASSESSMENTS  ARE  MOST  OF  THE  TIME  LIMITED  TO  QUALITATIVE 
CONSIDERATIONS (ERE WE WILL ½RST PROVIDE THE BASIC NOTIONS 
ABOUT  NONLINEAR  OPTICAL  PROPERTIES  OF  GOLD  NANOPARTICLE 
ASSEMBLIES 4HEN  THE  IN¾UENCE OF  THERMAL EFFECTS ON  THEIR 
LINEAR  AND NONLINEAR  OPTICAL  RESPONSES WILL  BE  EMPHASIZED 
4HE MAIN  RESULTS WILL BE EXEMPLI½ED THROUGHOUT THE PAPER 
4WO  IMPORTANT  PRACTICAL  POINTS  WILL  BE  ADDRESSED  4HE 
IN¾UENCE OF THE GENERALIZED THERMAL LENS ON THE THIRDORDER 
NONLINEAR RESPONSE AND THE HOT ELECTRON CONTRIBUTION TO THE 








ANALYSIS  OF  BOTH  THEORETICAL  APPROACHES  AND  EXPERIMENTAL 
½NDINGS  HAS  BEEN  PUBLISHED  IN  2EF  ;=  7E  REFER  TO  THE 
NOTATIONS  AND  CONCEPTS  ALREADY  PRESENTED  IN  2EF  ;=  4HE 
LOCAL  ELECTRIC  ½ELD  ENHANCEMENT  IN  THE  VICINITY  OF  THE  302 
MAKES NOBLE METAL NANOPARTICLES ATTRACTIVE FOR THEIR NONLINEAR 
OPTICAL  RESPONSE  )NDEED  AS  THE  LATTER  VARIES  AS  AN  INTEGER 
POWER  OF  THE  ELECTRIC  ½ELD  EXPERIENCED  BY  MATTER  THE 
ENHANCEMENT OF THE LOCAL ½ELD Eℓ  RESULTS IN THE AMPLI½CATION 








	  $ISREGARDING  THE  THIRD






































SIMPLI½ED  NOTATION  C	W	  FOR  THE  SUSCEPTIBILITY  USUALLY 
DENOTES  THE  THRANK  TENSOR  C3)XXXX
  WWWW	  IF  THE  ½ELD 
IS  POLARIZED  ALONG  THE  X  AXIS  %Q  	  CORRESPONDS  TO  A 
PHENOMENON  KNOWN AS  THE OPTICAL  +ERR  EFFECT  BY  ANALOGY 





G  AND  B  ARE  THE  NONLINEAR  REFRACTION  AND  ABSORPTION 











MATERIALS  !S  SAID  BEFORE  THE  LOCAL  ELECTROMAGNETIC  ½ELD 
ENHANCEMENT AT THE 302 RESULTS IN THE LARGE AMPLI½CATION OF 
THE  METAL  NONLINEAR  RESPONSE  WHICH  CAN  THEN  BE  SEVERAL 
ORDERS OF MAGNITUDE HIGHER THAN THE ONE OF THE BULK PHASE 
;=  4HIS  IS  A  DIRECT  CONSEQUENCE  OF  THE  DIELECTRIC 
CON½NEMENT  ALREADY  EVOKED  IN  2EF  ;=  IN  THE  CASE  OF  THE 
LINEAR  RESPONSE  -ETAL  NONLINEAR  PROPERTIES  ARE  ALSO 











DIELECTRIC  MEDIA  IN  THE  VISIBLE  OR  NEARINFRARED  ;¯= 
.OW  ASSUMING  THAT  THE  METAL  SUSCEPTIBILITY  C	M  IS 
IDENTICAL  FOR  ALL  PARTICLES  AND  HOMOGENEOUS  INSIDE  EACH 






OF  THE  CALCULATION  OF  THE  LOCAL  ½ELD  TOPOGRAPHY  IN  A 
NANOCOMPOSITE MEDIUM AS THE ONE PRESENTED IN 2EF ;= FOR 
ANALYZING  ITS  NONLINEAR  OPTICAL  RESPONSE  %QUATION  	  CAN 













COMPLEX  QUANTITIES  THE  MEDIUM  THIRDORDER  NONLINEAR 
RESPONSE MAY PRESENT UNEXPECTED VALUES -OREOVER THE REAL 
AND IMAGINARY PARTS OF C	EFF  MAY EXPERIENCE STRONG SIGN AND 
MAGNITUDE  VARIATIONS  IN  THE  302  SPECTRAL  RANGE  &INALLY 





      IS  GREATLY  ENHANCED  4HIS  EXPLAINS  BOTH  THE 






THIRDORDER NONLINEAR OPTICAL  RESPONSE  LET  US GLANCE AT  THE 
INTRINSIC  NANOPARTICLE  SUSCEPTIBILITY  3URPRISINGLY  VERY  FEW 
THEORETICAL WORKS HAVE BEEN DEVOTED TO THE VALUE OF C	M   IN 
NOBLE METAL NANOPARTICLES ;= AFTER THE PIONEERING STUDIES OF 
&LYTZANIS´  GROUP  WHO  IDENTI½ED  AND  EVALUATED  THE  DIFFERENT 
ELECTRONIC CONTRIBUTIONS ;= 4HEY ½RST DISTINGUISHED TWO 
PURE NONLINEAR ORIGINS CORRESPONDING TO INTRABAND AND INTERBAND 
TRANSITIONS  AS  IN  THE  LINEAR  CASE  4HE  INTRABAND  CONTRIBUTION 
C	INTRA  DUE TO A QUANTUM SIZE EFFECT AND VARYING WITH PARTICLE 
RADIUS Rp  IS ABSENT  IN THE BULK PHASE  )T  IS ESTIMATED TO BE 
NEGLIGIBLE  AS  COMPARED  WITH  THE  INTERBAND  CONTRIBUTION 
C	INTER    4HE  LATTER  IS  THOUGHT  TO  BE  MAINLY  IMAGINARY  AND 




ET  AL  HAVE  BEEN  CARRIED  OUT  IN  A  SPECI½C  SPECTRAL  DOMAIN 
CLOSE  TO  THIS  )"  THRESHOLD  IN  THE  VICINITY  OF  POINT X  OF  THE 
"RILLOUIN  ZONE  AND  TO  THE  302  OF  GOLD  PARTICLES  ;=  4HIS 
ACTUALLY MEANS THAT THE  IMAGINARY CHARACTER OF C	INTER   AS WELL 






THE  MODI½CATION  OF  THE  CONDUCTION  ELECTRON  DISTRIBUTION 
INDUCED  BY  PHOTON  ABSORPTION  MAY  RESULT  IN  A  SIGNI½CANT 
MODI½CATION OF THE OPTICAL TRANSITION SPECTRUM ;= 4HIS 
IS THE &ERMI SMEARING WHICH IS NOT A PURE ELECTRONIC NONLINEAR 
EFFECT  BUT WAS  DEMONSTRATED  BY  (ACHE  AND  COWORKERS  TO 
AMOUNT TO AN OPTICAL +ERR EFFECT CONTRIBUTION ;= THAT THEY 
CHARACTERIZED  BY  THE  HOT  ELECTRON  SUSCEPTIBILITY C	HOT  ELECTRONS 
(OWEVER  THEIR  CALCULATION WAS  RESTRICTED  TO BOTH A  SPECI½C 
ENERGY  RANGE  CLOSE  TO  THE  302  AND  A  SPECI½C  EXCITATION 
PULSEWIDTH PICOSECOND	 A PARAMETER ON WHICH THE INDUCED 





BE  TAKEN  FOR  GRANTED  IN  BEING  GENERALIZED  WHATEVER  LIGHT 
EXCITATION  WAVELENGTH  INTENSITY  AND  TEMPORAL  REGIME 
(OWEVER  WITHIN  THEIR  RESTRICTED  APPLICABILITY  DOMAIN  THEY 
PROVIDE A GOOD IDEA OF THE NATURE AND ORDER OF MAGNITUDE OF 
THE  DIFFERENT  CONTRIBUTIONS  TO C	M    ,ET  US  SUMMARIZE  THEIR 
MAIN RESULTS !T THE 302 FREQUENCY OF GOLD NANOPARTICLES THE 
INTRABAND CONTRIBUTION IS FOUND TO BE NEGLIGIBLE AGAINST THE 
INTERBAND  ONE  4HE  LATTER  IS  MAINLY  IMAGINARY  AND  HAS  A 
NEGATIVE SIGN Im C	INTER ^ X
 ESU &OR PICOSECOND PULSE 
EXCITATION  AT  THE  302  THE  HOT  ELECTRON  CONTRIBUTION  IS  ALSO 
MAINLY  IMAGINARY  BUT  HAS  A  POSITIVE  SIGN  )TS MAGNITUDE  IS 













THEN  THE MODI½CATION OF  THE OPTICAL  RESPONSE  CLOSE  TO  THE 
INTERBAND  TRANSITION  THRESHOLD  4HE  RETURN  OF  THE  GLOBAL 
MEDIUM  BACK  TO  THERMODYNAMIC  EQUILIBRIUM  VIA  ALL  OTHER 
PROCESSES  GOES  ALONG  WITH  THE  VARIATION  OF  THE  OPTICAL 
PROPERTIES  DUE  TO  ELECTRON  GAS  COOLING  DOWN  LATTICE 
TEMPERATURE  CHANGE  HOST  MEDIUM  HEATING  AND  THERMAL 
EXCHANGE  BETWEEN  NEIGHBOURING  PARTICLES  (ENCE  THE 
MECHANISMS INVOLVED IN THE OPTICAL RESPONSE DYNAMICS MAINLY 
ORIGINATE  FROM THERMAL EFFECTS AT A BROAD MEANING  )N  THIS 
LAST PART WE WILL DESCRIBE HOW TEMPERATURE VARIATIONS CAN BE 
RELATED TO THE INDUCED VARIATIONS OF THE OPTICAL RESPONSE  )T 
AMOUNTS  IN  FACT TO MODEL THE MECHANISMS  INVOLVED AND TO 
EVALUATE  THEIR  IN¾UENCE  $EPENDING  ON  THE  SITUATION 
EXCITATION  AND OBSERVATION  TIMESCALES  CONSIDERED  SPECTRAL 
DOMAIN INPUT POWER¨	 IT MAY BE POSSIBLE TO FOCUS ON A FEW 
OF THEM EITHER THE MOST SIGNI½CANT ONES OR THOSE THE EFFECTS 
OF  WHICH  ARE  TO  BE  SPECI½CALLY  STUDIED  OR  TREAT  THEM  IN  A 
GLOBAL MANNER 7E WILL PRESENT HERE TWO USUAL CASES DE½NED 
RELATIVELY  TO  THE  ESTABLISHMENT  OF  THE  THERMODYNAMIC 
EQUILIBRIUM  BETWEEN  ELECTRONS  METAL  LATTICE  AND  LOCAL 






COLLISION  FACTOR ' HAS BEEN SET  TO  E6  ,ET US  STRESS  THAT 
SUCH A PHENOMENOLOGICAL WAY TO DESCRIBE ½NITE SIZE EFFECTS 
IN GOLD NANOPARTICLES WOULD NOT BE SUF½CIENT TO EXPLAIN THE 
ACTUAL  OBSERVATIONS  FOR  THE  OPTICAL  RESPONSE  )NDEED  A 







4HE  STATIONARY  THERMOOPTICAL  REGIME  HAS  BEEN  RECENTLY 
STUDIED IN OUR GROUP FROM BOTH THEORETICAL AND EXPERIMENTAL 
POINTS  OF  VIEW  ;=  ,ET  US  HERE  SYNTHESIZE  THE  KEY 
PRINCIPLES  AND  ISSUES  IN  ORDER  TO  APPLY  THE  ½NDINGS  TO  ONE 
SPECI½C  ASPECT  OF  THE  NONLINEAR  OPTICAL  RESPONSE  OF  GOLD 
NANOPARTICLES 4HIS REGIME IS RATHER EASY TO DEAL WITH REGARDING 
THE  THERMAL  ASPECT  SINCE  THE  ONLY  KNOWLEDGE  OF  ONE 
























WHEN  APPLYING  A  CONTINUOUS  LASER  OR  A  PULSED  LASER  THE 
PULSEWIDTH  OF  WHICH  IS  LARGE  AS  COMPARED  WITH  THE 
CHARACTERISTIC TIME OF NANOSCALE HEAT EXCHANGES "EYOND THE 







IN  THE  S  PARTICULARLY  FOR  GOLD  ;¯=  6ARIOUS 
MECHANISMS  LEAD TO THE MODI½CATION OF  THE  INTERBAND AND 
INTRABAND  TRANSITIONS  FOLLOWING  A  TEMPERATURE  VARIATION  BY 
AFFECTING  EITHER  DIRECTLY  THE  ELECTRON  DISTRIBUTION  OR  THE 






4HE  THERMOOPTICAL  COEF½CIENTS  OF  GOLD  AVERAGED  IN  THE 
RANGE ¯ + HAVE THUS BEEN DETERMINED BY A PRECISE 
ANALYSIS  OF  THE  LITERATURE  NOTABLY  BY  CROSSCHECKING 
DIFFERENT  EXPERIMENTAL  DATA  FROM  THERMOMODULATION 
SPECTROSCOPY ;=
  4HE CASE OF NANOCOMPOSITE MEDIA








OF  AN  INHOMOGENEOUS  MATERIAL  CAN  BE  UNDER  CERTAIN 
HYPOTHESES DESCRIBED BY AN EFFECTIVE MEDIUM APPROACH LIKE 
-'4 THE LATTER CAN BE EXTENDED TO THE CASE OF THE DEPENDENCE 
ON  TEMPERATURE  &OR  THAT  PURPOSE  WE  IDENTIFY  THE 
PARAMETERS DEPENDING ON T METAL AND MATRIX INDICES METAL 
CONCENTRATION	 IN THE EXPRESSION OF THE EFFECTIVE SUSCEPTIBILITY 
WHICH WE DIFFERENTIATE  THEN 7E HAVE  THUS  SHOWN  THAT  THE 
EFFECTIVE THERMOOPTICAL RESPONSE IN THE 302 SPECTRAL DOMAIN 
PRESENTS  A  RESONANT  CHARACTER  4HE  CONDITION  OF  SUCH  A 
RESONANCE APPEARS TO BE EXACTLY SIMILAR TO THAT OF THE OPTICAL 








LOCATED  AT  VERY  CLOSE  PHOTON  ENERGIES  4HE  CONSEQUENCES 
ARE  SURPRISING  AT  ½RST  SIGHT  4HE  EFFECTIVE  THERMOOPTICAL 
COEF½CIENTS OF THE GLOBAL MEDIUM ARE AMPLI½ED BY THE EFFECT 
OF LOCAL ½ELD ENHANCEMENT AND PRESENTS SPECTRAL VARIATIONS 
IN  BOTH  SIGN  AND  MAGNITUDE  VERY  DIFFERENT  FROM  THOSE 
OBSERVED  FOR  THE  CONSTITUENTS  TAKEN  SEPARATELY  3TATIONARY 
ELLIPSOMETRY MEASUREMENTS AT DIFFERENT  TEMPERATURES HAVE 







INDUCES  THE  HEATING  OF  THE  MATERIAL  WITH  A  SPATIAL  PRO½LE 
CORRELATED TO THE BEAM ONE THROUGH OPTICAL ABSORPTION AND 
ENERGY  CONVERSION  MECHANISMS  $UE  TO  THE  MATERIAL 
THERMOOPTICAL  RESPONSE  THE  INHOMOGENEOUS  HEATING 
INDUCES  AN  INDEX  GRADIENT  IN  THE  TRANSVERSE  PLANE  4HE 
MEDIUM  THEN  ACTS  ON  THE  BEAM  AS  A  LENS  CONVERGING  OR 
DIVERGING DEPENDING ON THE SIGN OF dTn -OREOVER THE BEAM 
ABSORPTION BY THE MEDIUM MAY BE MODULATED FOLLOWING THE 
VALUE  OF dTk  4HE  THERMOOPTICAL  COEF½CIENTS  THEN  TEND  TO 
PLAY A ROLE EQUIVALENT TO THAT OF THE NONLINEAR COEF½CIENTS FOR 
THE +ERR EFFECT 4HIS HAS ALREADY BEEN HIGHLIGHTED IN VARIOUS 
EXPERIMENTAL  WORKS  "Y  APPLYING  THE  ZSCAN  TECHNIQUE  IN 
THE  TIMERESOLVED  OFFAXIS  SCHEME  'ANEEV  ET  AL  HAVE 









THE  THERMOOPTICAL  CONTRIBUTION  TO  THE NONLINEAR  REFRACTION 
AND ABSORPTION COEF½CIENTS G TH AND BTH     
7E  HAVE  APPLIED  THE  THREETEMPERATURE  MODEL  4-	 
TOGETHER  WITH  THE  RESULTS  CONCERNING  THE  THERMOOPTICAL 
PROPERTIES  OF  NANOCOMPOSITE MATERIALS  IN  ORDER  TO  EVALUATE 
THE  CONTRIBUTION  OF  THE  THERMAL  LENS  PHENOMENON  TO  THE 
THIRDORDER NONLINEAR OPTICAL  RESPONSE OF OUR  VIRTUAL !U3I/ 
½LM  IN  THE NANOSECOND PULSE  REGIME !T  THIS  TIMESCALE  THE 
PROBLEM IS SIMPLI½ED SINCE I	 HEAT DIFFUSION AT THE MACROSCALE 
LASER BEAM WAIST ABOUT A FEW TENS MICROMETERS	 TAKES SEVERAL 
MILLISECONDS  TO  BE  SIGNI½CANT  AND  CAN  THUS  BE  NEGLECTED 
DURING THE PULSE PASSAGE II	 LASER INTENSITY AT THE BEAM CENTRE 
IS  HOMOGENEOUS WITHIN  A  HUNDRED  NANOMETER  SCALE  WHICH 
MEANS THAT ALL NANOPARTICLES RECEIVE THE SAME INPUT ENERGY 
III	 AT THE SPATIAL MESOSCALE ONE PARTICLE AND ITS ENVIRONMENT	 
THE  TEMPERATURE  ½ELD  CAN  BE  CONSIDERED  AS  HOMOGENEOUS 
;= IV	 AT THE MESOSCALE THE HEAT CONDUCTION CHARACTERISTIC 
TIME  IS WORTH A  FEW PICOSECONDS WHICH  IMPLIES  THAT  AT  THE 
PULSE  TIMESCALE  THE  LOCAL MEDIUM  FOLLOWS  THE  ENERGY  INPUT 
'OLD "ULLETIN   6OLUME    .O     
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VALUE  OF  Pabs0   BY  USING  THE  MEDIUM  LINEAR  ABSORPTION 
COEF½CIENT  AIR½LM  TRANSMISSION  ½LM  THICKNESS  AND  METAL 
CONCENTRATION  )N  THIS  PULSE  TEMPORAL  REGIME  $T– IS 
PROPORTIONAL TO INTENSITY ;= #ONSEQUENTLY GTH AND BTH  DO NOT 
DEPEND  ON  THE  I00 VALUE  4HE  RESULT  OF  THIS  CALCULATION  IS 
PRESENTED  ON  &IG    WHERE  GTH    AND  BTH    ARE  REPORTED  AS  A 
FUNCTION OF PHOTON ENERGY  FOR  THE VIRTUAL  SAMPLE DESCRIBED 
ABOVE  ,ET US DESCRIBE  THE MAIN  FEATURES  REVEALED BY  THESE 













WAVELENGTH  THE  SAME  MATERIAL  CAN  BEHAVE  EITHER  AS  A 
CONVERGING OR AS A DIVERGING LENS
  4RANSIENT REGIME
4HIS  REGIME  CORRESPONDS  IN  PARTICULAR  TO  THE  CASE  WHERE 
THE  MEDIUM  IS  EXPOSED  TO  ULTRASHORT  LIGHT  PULSES  AS  IN  A 
PUMPPROBE  EXPERIMENT  OR  IN  CERTAIN  NONLINEAR  OPTICAL 
INVESTIGATIONS  7HEREAS  IN  THE  STATIONARY  REGIME  THE 
MECHANISMS RESPONSIBLE FOR THE THERMOOPTICAL RESPONSE CAN 






ELECTRONS  AND  BOUND  CORE  ELECTRONS  4HE  INTRABAND  AND 
INTERBAND TRANSITION SPECTRUM IS DETERMINED BY THE KNOWLEDGE 
OF  THE  CONDUCTION  ELECTRON  DISTRIBUTION  AROUND  THE  &ERMI 
LEVEL f(E,t) THAT IS THE OCCUPATION PROBABILITY OF AN ELECTRON 
STATE OF ENERGY E AT  TIME  t. f APPEARS  THEN AS  THE  RELEVANT 
PARAMETER  TO  LINK  THE  METAL  MICROSCOPIC  BEHAVIOUR  TO  ITS 




































#ALCULATED  SPECTRAL  DISPERSION  OF  THE  THERMAL  CONTRIBUTION  TO  THE 
NONLINEAR  REFRACTION  RED	  AND  ABSORPTION  VIOLET	  COEF½CIENTS  OF  THE 
VIRTUAL THIN !U3I/ ½LM  UNDER  NS LASER PULSES
&IGURE 





STATISTICS	  THE  ELECTRON  TEMPERATURE  Te CAN  BE  EMPLOYED 
INSTEAD 7E HAVE ALREADY DESCRIBED IN ;= THE USUAL APPROACH 
TO DESCRIBE THE ELECTRON DISTRIBUTION DYNAMICS OR THAT OF Te	 
/NCE  THE  TIME EVOLUTION OF  f  IS  DETERMINED BY  THIS MODEL 
AND  PROVIDED  SEVERAL  DATA  AS  PULSE  ENERGY  AND  WIDTH 
WAVELENGTH LINEAR ABSORPTION COEF½CIENT INITIAL TEMPERATURE 
PARTICLE  SIZE  HOST  MEDIUM  THERMAL  CONDUCTIVITY  METAL 
CONCENTRATION¨	 ARE KNOWN THE $RUDE   OF ;=	 AND 
2OSEI      OF  ;=	  MODELS  ARE  USED  TO  EVALUATE  THE 




¯  IS  CARRIED  OUT  TO  OBTAIN  THE  RESPONSE  OF  THE  WHOLE 
NANOCOMPOSITE  MATERIAL  /NE  CAN  THUS  SIMULATE  THE 
DIFFERENTIAL TRANSMISSION OR RE¾ECTION OF A SAMPLE IN A PUMP
PROBE EXPERIMENT OR DETERMINE ITS NONLINEAR SUSCEPTIBILITY
!S  AN  EXAMPLE  THE  TIME  EVOLUTION  OF  THE  DIFFERENTIAL 
TRANSMISSION  $TT  DENOTING  THE  RELATIVE  VARIATION  OF  THE 
SAMPLE  OPTICAL  TRANSMITTANCE  INDUCED  BY  THE  PUMP  PULSE 
AND MEASURED BY THE PROBE ONE	 OF THE VIRTUAL !U3I/ ½LM IS 
PRESENTED  IN COLOUR  LEVELS ON &IG  AS A  FUNCTION OF PROBE 
PHOTON ENERGY  4HE PUMP PULSE DURATION  IS    FS  AND  ITS 
PHOTON ENERGY IS  E6 CORRESPONDING TO THE FUNDAMENTAL 
FREQUENCY  OF  A  USUAL  4ISAPPHIRE  FEMTOSECOND  LASER  4HIS 
RESULT HAS BEEN OBTAINED BY SOLVING "OLTZMANN EQUATION  IN 
THE ATHERMAL  REGIME AS DESCRIBED PREVIOUSLY  CF   OF 
;=	  INCLUDING  THE  MODI½CATION  OF  THE  E¯E  AND  E¯PH 
CHARACTERISTIC  RELAXATION  TIMES  DUE  TO  ½NITE  SIZE  EFFECTS  BY 
USING  THE VALUES REPORTED IN 2EF ;= FOR RP NM /NE CAN 







THE MATRIX  ;=  IS  NOT  EFFECTIVE  AT  THIS  SHORT  TIMESCALE  AND 
DOES NOT NEED TO BE CONSIDERED IN THE CALCULATION 
  !PPLICATION  TO  THE  NONLINEAR  RESPONSE  (OT  ELECTRON 
CONTRIBUTION 
4HE  HOT  ELECTRON  PHENOMENON  IS  LIKELY  TO  CONTRIBUTE 
SIGNI½CANTLY  TO  THE GOLD NANOPARTICLE  INTRINSIC  SUSCEPTIBILITY 
C	M    AS  DISCUSSED  PREVIOUSLY  ,ET  US  RECALL  THAT  THE  ONLY 
THEORETICAL WORK DEVOTED TO THE EVALUATION OF THE HOT ELECTRON 
SUSCEPTIBILITY IS THE ONE OF (ACHE ET AL AS DISCUSSED IN   
7E  HAVE  USED  OUR  OWN  APPROACH  BASED  ON  "OLTZMANN 
EQUATION OR 4- DEPENDING ON PULSE DURATION TO DETERMINE 
THE COMPLEX VALUE OF C	HOT ELECTRONS  &ROM THE DYNAMICS OF  THE 
GOLD  NANOPARTICLE  DIELECTRIC  FUNCTION  PROVIDED  BY  THE 
PROCEDURE DISCUSSED JUST ABOVE IT IS POSSIBLE TO CALCULATE THE 
EFFECTIVE  DIELECTRIC  FUNCTION  VARIATION  DURING  THE  PULSE 
PASSAGE  $E
?
W	    EXACTLY  IN  THE  SAME  MANNER  AS  WE  DID 
IN THE CASE OF TEMPERATURE FOR THE THERMAL LENS CONTRIBUTION 












  PS  PULSES  AND  WITH  VARYING  INCIDENT  LASER  POWER  &IG   
PRESENTS WITH A LOGARITHMIC SCALE THE RESULT OF THE CALCULATIONS 
FOR THE MODULUS OF C	HOT ELECTRONS   REPORTED AS A FUNCTION OF I 









REASON  ¯  WHICH  SOMEHOW  IS  OF  WEAK  PHYSICAL  INTEREST  ¯  IS 
NEVERTHELESS  CRUCIAL  FROM  A  PRACTICAL  POINT  OF  VIEW 
!S THE ENERGY INJECTED IN GOLD NANOPARTICLES STRONGLY DEPENDS 
ON  A  AND  THEN  ON  WAVELENGTH  THE  ONLY  KNOWLEDGE  OF 
THE  LASER  BEAM POWER  OR  PULSE  PEAK  INTENSITY	  IS  FAR  FROM 
BEING  SUF½CIENT  IN  NONLINEAR  OPTICAL  MEASUREMENTS  ON 
NANOCOMPOSITE  MATERIALS  4HE  PEAK  POWER  ABSORBED  BY 



















3PECTRAL  DISPERSION  OF  THE  DIFFERENTIAL  TRANSMISSION  COLOR  LEVEL	  AS  A 










HOT  ELECTRONS    PRESENTS  VARIATIONS  WITH  INTENSITY  AT  GIVEN 






)T  IS  THEN  NOT  A  PURE  THIRDORDER  NONLINEAR  EFFECT  4HESE 
½NDINGS CON½RM THE CARE WHICH NEEDS TO BE TAKEN REGARDING 
THE  GENERALIZATION  OF  RESULTS  OBTAINED  IN  THE  FRAME  OF 
RESTRICTED  CONDITIONS  AS  ALREADY  POINTED  OUT  IN     
.ONETHELESS BY CARRYING OUT SIMILAR CALCULATIONS NOT SHOWN 
HERE	 ON ANOTHER VIRTUAL SAMPLE FREE OF ½NITE SIZE EFFECT AND 






;=  -OREOVER  THE  INVESTIGATION  OF  THE  COMPLEX  VALUE  OF 





GENERATION OF  THERMAL  EXCITATIONS  THROUGH DIFFERENT ENERGY 
EXCHANGE MECHANISMS (ERE AFTER HAVING  SUMMARIZED  THE 




THEIR  INVOLVEMENT  IN  THE  NONLINEAR  OPTICAL  RESPONSE  OF 
NANOCOMPOSITE MEDIA 4HIS HAS ALLOWED US TO TAKE UP THE CHALLENGE 
OF  TACKLING  TWO  KEY  ISSUES  IN  THE  ½ELD  OF  THIRDORDER  NONLINEAR 
PROPERTIES  OF  GOLD  NANOPARTICLES  WHICH  HAD  NEVER  BEEN  CAREFULLY 

























































6ARIATION  OF  C	HOT  ELECTRONS    WITH  INCIDENT  PULSE  PEAK  INTENSITY  PULSE 
DURATION  PS	 AND AT SELECTED PHOTON ENERGIES IN THE VIRTUAL !U3I/ THIN 
½LM CORRESPONDING TO &IG 
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